Abstract Pulsar timing arrays (PTAs) are designed to detect gravitational waves (GWs) at nHz frequencies. The expected dominant signal is given by the superposition of all waves emitted by the cosmological population of supermassive black hole (SMBH) binaries. Such superposition creates an incoherent stochastic background, on top of which particularly bright or nearby sources might be individually resolved. In this contribution I describe the properties of the expected GW signal, highlighting its dependence on the overall binary population, the relation between SMBHs and their hosts, and their coupling with the stellar and gaseous environment. I describe the status of current PTA efforts, and prospect of future detection and SMBH binary astrophysics.
Introduction
Pulsar timing arrays (PTAs) provide a unique opportunity to obtain the very first low-frequency gravitational wave (GW) detection. The European Pulsar Timing Array (EPTA) [1] , the North American Nanohertz Observatory for Gravitational Waves (NANOGrav) [2] , and the Parkes Pulsar Timing Array (PPTA) [3] , joining together in the International Pulsar Timing Array (IPTA) [4, 5] , are constantly improving their sensitivity in the frequency range of ∼ 10 −9 − 10 −6 Hz, where inspiralling supermassive black hole (SMBH) binaries populating merging galaxies throughout the Universe are expected to generate a strong signal [6, 7, 8, 9] .
Despite the fact that theoretical models of galaxy formation in the standard hierarchical framework predict a large population of SMBH binaries forming during galaxy mergers, to date there is only circumstantial observational evidence of their existence. About 20 SMBH pairs with separations of ∼ 10 pc to ∼ 10 kpc are known as of today (see [10] , for a comprehensive review), among which a new discovered SMBH triple [11] . PTAs are sensitive to more compact systems, namely sub-parsec bound Keplerian SMBH binaries. Only few candidates of this class have been identified, based on peculiar broad emission line shifts [12, 13] ; however, alternative explanations to the binary hypothesis exist [10] , and unquestionable observational evidence of their binary nature is still missing.
In this contribution I review the properties of the GW signals relevant to PTAs. I describe the status of current PTA efforts, future detection prospects and related astrophysical payouts. If as abundant as predicted, SMBH binaries are expected to form a low frequency background of GWs with a typical strain amplitude A ∼ 10 −15 at a frequency f = 1 yr −1 [14, 15, 16] , with a considerable uncertainty of ≈ 0.5 dex 1 . The aforementioned studies indicate that the signal is expected to be dominated by a handful of sources, some of which might be individually resolvable; a situation similar to the foreground generated by WD-WD binaries in the mHz regime relevant to spaced based interferometers like eLISA [17] . On the one hand, the unresolved background provides ways to probe the overall population of SMBH binaries in the low redshift universe (z < 1); on the other hand, electromagnetic counterparts to individually resolvable sources can be searched for with a number of facilities opening new avenues toward a multimessenger based understanding of these fascinating systems and their hosts.
The manuscript is organized as follows. In Section 2, I introduce the general response of a PTA to a passing GW, focusing in Section 3 on the overall stochastic background generated by a population of SMBH binaries. In section 4 I describe the influence of SMBH astrophysics (dynamical coupling with the environment, eccentricity evolution) on the expected signal, and the related issues that a putative PTA detection might answer in the near future. Section 5 is devoted to individually resolved sources and multimessenger astronomy. A summary of the main results is given in Section 6. A concordance Λ -CDM universe with Ω M = 0.27, Ω λ = 0.73 and h = 0.7 is assumed. Unless otherwise specified, equations are expressed in geometric units where G = c = 1.
Pulsar timing array response to gravitational waves
GWs affect the propagation of radio signals from the pulsar to the receiver on Earth [18] , leaving a characteristic fingerprint in the time of arrival of the radio pulses [19, 20] . A binary system of masses M 1 > M 2 in circular orbit at a Keplerian frequency f K = (1/2π) (M 1 + M 2 )/a 3 (a is the semimajor axis of the binary) generates a time dependent GW at a frequency f = 2 f K . In the quadrupolar approximation (sufficient to our scopes) the wave can be described in terms of two independent polarization amplitudes in the form (see, e.g., [21] ):
where
is the GW amplitude,
is the chirp mass of the system, D the luminosity distance to the GW source, Φ(t) is the GW phase Φ(t) = 2π t f (t ′ )dt ′ , and f (t) the instantaneous GW frequency 2 . The two functions a(ι) = 1 + cos 2 ι and b(ι) = −2 cos ι depend on the source inclination angle ι.
When crossing the Earth-pulsar line of sight, such GW induces an 'effective redshift' in the frequency of the received pulses, associated to the oscillatory change in the spacetime background metric, which is proportional to the amplitude h of the wave:
Here F + (Ω ) and F × (Ω ) are response functions that depend on the angle defined by the relative pulsar-source orientations in the sky, and the quantities ∆ h +,× (t) = h +,× (t p ) − h +,× (t E ) take into account of the 'double response' of the pulsar-Earth system to the passing GW: what matters is the difference between the metric perturbation at the pulsar and the metric perturbation on Earth. The integral over the observation time of equation (3) 
Being the integral of a sinusoidal wave of amplitude h at a frequency f , the residual has a typical magnitude r ∼ h/(2π f ). This relation can be used to conveniently convert strain amplitudes h (which we use in this contribution) into residuals r. To get a sense of the magnitude of the effect, the residual can be normalized to fiducial SMBH binary values as
i.e. 100ns or better timing precision is needed in order to make a detection. Millisecond pulsars are the most stable natural clocks in the Universe. Nevertheless, timing them to 100ns precision is challenging and several sources of uncontrolled noise might affect the process [22, 23, 24] . In particular, red noise processes that cannot be perfectly modeled and subtracted can mimic a low frequency GW 2 The frequency evolution of nHz SMBH binaries over an observing time of ∼ 10 yr is negligible [21] , we therefore assume monochromatic non-evolving sources and drop the time dependence in the frequency.
signal. It is therefore necessary to monitor an ensemble, or array, of pulsars -which is the very essence of the concept of pulsar timing array [25] -. Only by observing a signal that is consistently cross-correlated among them [19] one can be sure of its GW nature as opposed to some intrinsic random noise process.
In observations with PTAs, radio-pulsars are monitored weekly for periods of years. The relevant frequency band is therefore between 1/T -where T is the total observation time -and the Nyquist frequency 1/(2∆t) -where ∆t is the time between two adjacent observations -, corresponding to 3 × 10 −9 Hz -few×10 −7 Hz. The frequency resolution bin is 1/T . Fig. 1 Illustrative realization of the overall GW signal in the frequency domain; characteristic amplitude h c vs frequency. Each cyan triangle corresponds to the contribution of an individual SMBH binary; among these, blue triangles identify bright, resolvable sources. The overall GW signal is given by the jagged green line, whereas the red thick line represents the unresolved signal after subtraction of the brightest sources. The solid black line represents the theoretical h c ∝ f −2/3 behavior, and dashed lines mark characteristic residual levels according to the conversion r = h/(2π f ), as labeled in figure. Given a cosmological population of SMBH binaries, the overall GW signal reaching the Earth is an incoherent superposition of monochromatic waves ∑ i h i . Depending on the details of the population, such superposition can behave as an effective 'stochastic background', and can be dominated by few bright resolvable sources. This concept is represented in figure 1 . For the selected realization of the SMBH population, the signal looks like a stochastic background at f < 10 −8 Hz; it is however dominated by bright resolvable sources at higher frequencies. We will first treat the overall signal as an effective background composed of unresolvable sources, we will then focus on the properties of individual sources.
The stochastic GW background
We now consider a cosmological population of inspiralling SMBH binaries. Without making any restrictive assumption about the physical mechanism driving the binary semimajor axis -a -and eccentricity -e -evolution, we can write the characteristic amplitude h c of the GW signal generated by the overall population as [26] :
Here h( f K,r ) is the strain emitted by a circular binary at a Keplerian rest frame frequency f K,r 3 , averaged over source orientations
The function g(n, e) [27] accounts for the fact that the binary radiates GWs in the whole spectrum of harmonics f r,n = n f K,r (n = 1, 2, ...), and is given by, e.g., equations (5)- (7) in [28] . The δ function, ensures that each harmonic n contributes to the signal at an observed frequency f = n f K,r /(1 + z), where the factor 1 + z is given by the cosmological redshift. d 4 N/(dzdM 1 dqdt r ) is the differential cosmological coalescence rate (number of coalescences per year) of SMBH binaries per unit redshift z, primary mass M 1 , and mass ratio q = M 2 /M 1 < 1. dt r /dln f K,r is the time spent by the binary at each logarithmic frequency interval. These two latter terms, taken together, simply give the instantaneous population of comoving systems orbiting at a given logarithmic Keplerian frequency interval per unit redshift, mass and mass ratio. In the case of circular GW driven binaries, g(n, e) = δ n2 , dt/dln f is given by the standard quadrupole formula (see equation (9) below), and equation (6) reduces to the usual form [29] 
where we have introduced the differential merger remnant density (i.e. number of mergers remnants per co moving volume) d 2 n/(dzdM ) (see [29, 30] for details). In this case, h c ∝ f −2/3 ; it is therefore customary to write the characteristic amplitude in the form h c = A( f /yr −1 ) −2/3 , where A is the amplitude of the signal at the reference frequency f = 1yr −1 . Observational limits on the GW background are usually given in terms of A.
The GW background as a tool for SMBH binary astrophysics
Equation (6), together with a prescription for the eccentricity distribution of the emitting SMBH binaries as a function of frequency, namely e(M 1 , q, f K,r ), provides the most general description of the GW background generated by a population of SMBH binaries. The signal depends on three distinctive terms:
1. the cosmological SMBH binary coalescence rate , d 4 N/(dzdM 1 dqdt r ); 2. the frequency evolution of each binary, dt r /dln f K,r ; 3. the eccentricity evolution of the systems, which determines the emitted spectrum at any given binary Keplerian frequency.
In the following section, we will examine the impact of the items listed above on the GW signal, highlighting the enormous potential of PTA observations to enhance our understanding of the global population and the dynamical evolution of SMBH binaries in the Universe.
Spectral amplitude: the cosmic SMBH binary merger rate
We first consider GW-driven, circular SMBH binaries only. It is clear by looking at equation (8) that the GW strain amplitude is proportional to the square root of the cosmic coalescence rate of SMBH binaries, and it is sensitive to their mass distributions. Therefore, the coalescence rate sets the normalization of the detectable signal. As discussed in [30] this, in practice, depends on four ingredients: (i) the galaxy merger rate; (ii) the relation between SMBHs and their hosts, (iii) the efficiency of SMBH coalescence following galaxy mergers and (iv) when and how accretion is triggered during a merger event. Our limited knowledge of each of these ingredients is reflected in the uncertainty range of the predicted GW signal amplitude. The expected level of the signal under the circular GW-driven approximation has been investigated by several authors [14, 15, 30, 31, 16] , producing largely consistent results that cluster around the range 5 × 10 −16 < A < 2 × 10 −15 . In particular Sesana and collaborators demonstrated that different methodologies that can be used in the computation of the signal yield consistent results [14, 32, 30] . Ravi and collaborators corroborated those findings with independent investigations based on the Millennium Run [33] , and by constructing an alternative observation-based model [31] . [16] finds a somewhat larger signal, of the order A ∼ 4 × 10 15 . This may be ascribed to a set of assumption, including a non evolving SMBH density with cosmic time and a merger driven only evolution of the SMBH mass function, that tend to favor more and more massive SMBH binary mergers. Fig. 2 Characteristic amplitude of the GW signal. Shaded areas represent the 68%, 95% and 99.7% confidence levels given by a representative set of observation-based models from [30] , and the overlied solid black line traces the probability distribution function of A (i.e. h c at f = 1yr −1 ). The red dots mark the progression of PTA limits from [34, 35, 36] . The two red arrows anticipate the expected sensitivity of upcoming combined IPTA datasets, and of the full SKA [37] . Figure 2 compares the predicted GW amplitude to current observations. Here we plot 68%, 95% and 99.7% confidence level of the expected characteristic strain, extracted from a large compilation of models featuring different prescriptions for the SMBH binary population, as described in [30] . In particular, we consider here the SMBH-bulge scaling relations derived in [38] , which are representative of a recent upward revision of those relations [39] . It is worth mentioning how the most stringent upper limit published to date (A > 2.4 × 10 15 at 95% confidence, [36] ) is skimming the predicted 68% confidence region. Upcoming limits from all the PTAs might soon push the numbers down by few dex to A ≈ 2 × 10 15 , and the combined IPTA dataset might be sensitive to A as small as 10 −15 , implying a good chance of detection in the next few years.
The first, obvious payout of a PTA detection is the direct confirmation of the existence of a vast population of sub-pc (to be precise, sub-0.01pc) SMBH binaries. From this we learn that (i) binaries efficiently pair on pc scales following galaxy mergers and (ii) stellar and/or gas dynamics is effective in removing energy and angular momentum from the binary, overcoming the 'last parsec problem'. It can still be the case that some level of stalling may occur, delaying the efficient energy loss due to GW emission. Nevertheless, a direct PTA detection will confirm that SMBH binaries eventually coalesce within an Hubble time. The exact level of the signal then depends on the combined ingredients outlined above, and those cannot be constrained all together by measuring one single number. It is even more dangerous to try to draw conclusions about SMBH coalescence rates based on PTA upper limits. In the following section we will discuss how environmental coupling can result in a loss of low frequency GW power; a non-detection at a given level might be either due to a particularly low coalescence rate, or to a particularly efficient coupling to the environment.
Spectral shape: the SMBH binary-environment coupling
SMBH binaries do not evolve in isolation, and although the circular GW-driven approximation has been widely employed to make predictions, GW emission alone cannot bring a SMBH binary to coalescence. This is clear by looking at the 'residence time' dt r /dln f r , i.e., the time a binary spend at each logarithmic frequency bin. In the circular GW-driven approximation, this is
-note that this, combined to equation (7), yields h c ∝ M
1 q 1/2 f −2/3 , i.e. the standard f −2/3 power law given by equation (8) -. We note the steep frequency dependence of equation (9): as a matter of fact, typical binary residence times become longer than the Hubble time for f < 10 −10 Hz (roughly semimajor axis a > 0.1pc for the M ≈ 10 9 M ⊙ systems relevant here). It is therefore clear that some mechanism other then GW emission must bring the binary to subparsec separations.
Forming after galaxy mergers, SMBH binaries sit at the center of the stellar bulge of the remnant, and they are possibly surrounded by massive gas inflows triggered by dynamical instabilities related to the strong variations of the gravitational potential during the merger episode. Accordingly, two major routes for the SMBH binary dynamical evolution have been explored in the literature: (i) gas driven binaries, and (ii) stellar driven binaries. A detailed description of both scenarios is beyond the scope of this contribution; here we consider simple evolutionary routes and assess their impact on the GW signal.
Change in the SMBH binary shrinking rate
Let restrict ourselves to circular binaries first. A background of stars scattering off the binary drives its semimajor axis evolution according to the equation [40] 
where ρ is the density of the background stars, σ is the stellar velocity dispersion and H is a numerical coefficient of order 15 [40] . Although equation (10) has been originally derived for static uniform backgrounds, recent numerical simulations [41, 42] suggest that it can be applied to realistic systems providing that the density ρ is evaluated at the binary influence radius (r i ≈ GM/σ 2 ). If we consider, for simplicity, an isothermal sphere (i.e. ρ ∝ r −2 ), we substitute ρ i in equation (10), and we assume
1 , which yields to a contribution of the single binary to the GW background of the form h c ∝ M 2 1 q f . In the case of circumbinary disks, things are even more subtle, and the detailed evolution of the system depends on the complicated and uncertain dissipative physics of the disk itself. The simple case of a coplanar prograde disk, with a central cavity maintained by the torque exerted by the binary onto the disk admits a selfconsistent, non stationary solution that can be approximated as [43, 44] 
Here,Ṁ is the mass accretion rate at the outer edge of the disk, a 0 is the semimajor axis at which the mass of the unperturbed disk equals the mass of the secondary black hole, and µ is the reduced mass of the binary. Considering a standard geometrically thin, optically thick disk model [45] , one finds dt/dln f ∝ f −1/3 M 1/6 1 , which yield to a contribution of the single binary to the GW background of the form h c ∝ M 7/4 1 q 3/2 f 1/2 . When compared to the GW driven case, (da/dt) gw ∝ a −3 , equations (10) and (11) provide the transition frequency between the external environment driven and the GW driven regimes:
f gas/gw ≈ 5 × 10
We therefore see that if the signal is dominated by 10 9 M ⊙ SMBH binaries, then the transition frequency is located around 10 −9 Hz.
Eccentricity evolution
It is well known that GW emission efficiently circularizes binaries, however things can be dramatically different in the star and gas dominated stages. If binaries get very eccentric in those phases, they can retain substantial eccentricity even during the GW dominated inspiral relevant to PTA observations, beyond the decoupling frequencies given by equations (12) and (13) . The eccentricity evolution in stellar environments has been tackled by several authors by means of full N-body simulations and semianalytic models. A consistent picture emerged according to which equal mass, circular binaries tend to stay circular or experience a mild eccentricity increase, while binaries that form already eccentric, or with q ≪ 1 (regardless of their initial eccentricity) tend to grow more eccentric [46, 47, 42, 40, 48, 49] . An important parameter here seems to be the eccentricity of the binary at the moment of formation e 0 , which is often found to be larger than 0.6 in numerical studies [42] . Large e 0 implies that systems emitting in the nHz regime can be highly eccentric, causing a significant suppression of the GW signal, as we will see in the next section. In the circumbinary disk scenario, excitation of eccentricity has been seen in several simulations [50, 51] . In particular, the existence of a limiting eccentricity e crit ≈ 0.6 − 0.8 has been reported in [52] through a suite of high resolution smoothed particle hydrodynamics simulations, in the case of massive selfgravitating disks. Therefore, also in gaseous rich environments, eccentric binaries might be the norm -even though the extreme eccentricities (e > 0.9) that might be reached in the stellar driven case are unlikely -.
Impact on the GW signal
The main effect of the binary-environment coupling is to suppress the low frequency signal [9, 53, 54, 55] . On the one hand, the energy of the SMBH binary is transferred to the environment instead of going into GWs, the binary evolution is faster, and consequently there are less systems emitting at each frequency. On the other hand, if eccentricity grows significantly, GW power is moved from the second to higher harmonics, through the function g(n, e) [27] . However, since the energy carried by the wave is proportional to f 2 h 2 , shifting the emission to higher harmonics effectively removes power at low frequencies, without a significant enhancement (just marginal) of h at higher frequencies [53] . Therefore, generally speaking, highly eccentric binaries might pose a threat to PTA GW detection [30, 55] . This is clearly shown in figure 3 , for selected systems evolving in stellar (left panel) and gaseous (right panel) environments. In both cases, the transition fre- Fig. 3 Effect of the environmental coupling on the overall GW spectrum. Left panel: SMBH binary evolution in a stellar background. Blue lines represent the signal generated by a population of binaries evolving in a dense stellar background, according to the model presented in [49] ; each line is for a specific fiducial eccentricity at binary formation -e 0 -, as labeled in figure. Left panel: SMBH binary evolution in circumbinary gaseous disks. Here the two green curves assume circular binaries, whereas the blue curves allow self-consistent eccentricity evolution (resulting in a slightly lower signal). The upper and lower pair of curves are for two different Eddington ratios (see text), as labeled in figure. In both panels, the shaded area cuts off the region at f < 3 × 10 −9 , to highlight the modified signal in a frequency range that is relevant to a ∼ 10yr observation time. As in figure  1 , the solid black lines represent the theoretical h c ∝ f −2/3 behavior, and dashed lines mark residual levels according to the conversion r = h/(2π f ), as labeled in figure. quency is around 10 −9 Hz (corresponding to 30 yr timescale), and has only a marginal influence on detectability (assuming 10 yr of observation). However, if the PTA baseline is further extended in time, departures from the standard f −2/3 power law become significant. The situation may get problematic when binaries grow very eccentric. This is particularly true in the stellar driven case, where, if binaries form already quite eccentric (say e 0 > 0.7), eccentricity can easily grow to e > 0.95. Consequently, a large amount of power at low frequency is removed, as shown by the e 0 = 0.9 line in the left panel of figure 3 . Note that in this case, the suppression of the signal at low frequency is so severe that even 10yr observations with a nominal array sensitivity of 100ns would not be sufficient for a confident detection. This problem is generally less severe in gaseous driven systems, where the existence of a limiting eccentricity (at least in the prograde case) prevents significant loss of power at low frequencies (as shown by the blue curves in the right panel of figure 3 ).
We must caution, however, that these results are based on toy models that probably tend to overestimate the impact of the binary coupling to the environment. The isothermal sphere implies central stellar densities higher than those typically seen in large ellipticals (see, e.g.m [56] ), which accelerates the pace at which the binary shrinks according to equation (10) . Also in the gas driven case, the evolution described by equation (11) is function of the accretion rate. Here we considered binaries accreting at 0.1 − 0.3 of the Eddington rate 4 . However, observations of active SMBHs at low redshift indicate that the most massive systems (most relevant to PTA) are generally severely sub-Eddington [57] , which implies a weaker binary-environment coupling. It is, however, clear that the determination of the GW background spectral slope carries a lot of information about the dynamics of SMBH binaries. A well defined turnover frequency around 10 −9 Hz will be the distinctive signature that strong coupling with the environment is the norm, whereas a plateau might be indicative of a population of highly eccentric systems. PTA detection will therefore provide important information about the dynamics of individual SMBH binaries, not only about the statistics of their collective population.
Resolvable sources
As shown in figure 1 , a handful of sources might be bright enough to be individually resolved, i.e., they stand out of the total signal level produced by the combination of all other systems. This can be seen by computing the signal-to-noise ratio (SNR) of a bright source with respect to the instrumental noise plus the unresolved GW background. Assuming a monochromatic source, the SNR in a single pulsar α can be approximated as [21] 
where the inner product ( * | * ) is defined by the last approximate equality and S 0 in the noise spectral density evaluated at the frequency of the source, including both the pulsar noise and the unresolved GW background contribution. For an array of M pulsars, the single contribution of each pulsar can be coherently added in quadrature to get ρ 2 = ∑ M α=1 ρ 2 α . The statistics of resolvable sources has only been investigated by [32] . They found that an handful of sources might be resolvable on top of the stochastic background, which seems to be corroborated by recent work from Ravi and collaborators [31] . This is an active area of research at the moment; several single source data analysis pipelines are under construction, and a better understanding of the typical properties of resolvable SMBH binaries will help setting the requirements for detection algorithm development. 4 We recall that the Eddington luminosity is the maximum admitted luminosity for which the radiation pressure exerted by the photons emitted in the accretion process is smaller than the gravitational binding energy of the accreting material. If the contrary is true, radiation pressure blows away the reservoir of gas, suppressing the accretion process. For standard radiatively efficient accretion flows [45] , the Eddington luminosity corresponds to an Eddington accretion rate ofṀ Edd ≈ 2. 
Science with resolvable PTA sources
A pioneering investigation of the detectability of resolvable PTA sources was performed by [21] assuming circular, non spinning monochromatic systems, and considering only the coherent 'Earth term' in the analysis. In this case the waveform is function of 7 parameters only: the amplitude R 5 , sky location θ , φ , polarization ψ, inclination ι, frequency f and phase Φ 0 , defining the parameter vector λ = {R, θ , φ , ψ, ι, f , Φ 0 }. [21] finds that for SNR= 10, the source amplitude is determined to a 20% accuracy, whereas φ , ψ, ι are only determined within a fraction of a radian and sky location within few tens to few deg 2 (depending on the number of pulsars in the array). These results were confirmed and extended by [59, 58] . In particular [58] demonstrated that, providing there are enough pulsars in the array, multiple individual sources can be separated. This is shown in figure 4 , which is taken from the original paper. Using a multi-search genetic algorithm, the authors succeeded to correctly identify all the eight sources blindly injected in the data, and to infer that there were no other sources with SNR> 5. Experiments like this were conducted on simulated data including Gaussian noise only, and in a relatively high SNR regime. The effective capabilities of PTAs to identify and separate individual sources in more realistic situations is subject of active work in the field [60, 61, 62] .
For bright enough sources (SNR≈ 10) sky location within few tens to few deg 2 is possible (see also [60] ), and even sub deg 2 determination, under some specific conditions [63] . Even though this is a large chunk of the sky, resolvable systems are extremely massive and at relatively low redshift (z < 0.5), making them suitable targets for electromagnetic follow-up. The possibility of performing multimessenger astronomy with PTA sources has been firstly investigated in [64, 65] (see [66, 67] for a comprehensive review). They identified a number of possible signatures, including: periodicity related to the binary orbital period; peculiar emission spectra due to the presence of a central cavity; peculiar Kα line profiles; recurring flaring activity (see also [68] ). Given the relatively poor sky localization, suitable hosts must be selected among galaxies falling in a large error box. In general, bright ellipticals in galaxy cluster centers experience a large merger activity at low redshift, and might be the best candidates for periodic monitoring and dedicated pointings [69, 70] .
Conclusions
PTA increasing sensitivities promise the detection of the predicted GW signal produced by a cosmological population of SMBH binaries in the near future. Beyond the obvious excitement of a direct GW observation, detection will carry an enormous wealth of information about these fascinating astrophysical systems, providing a direct unquestionable evidence of their existence and an empirical prove that the 'final parsec problem' is solved by nature. The determination of the overall signal amplitude and spectral slope will provide important information about the global properties of the SMBH binary population, giving, for example, insights about the relation between SMBH binaries and their hosts and will inform us about the dynamics of SMBH binaries and their stellar and/or gaseous environment, possibly constraining the efficiency of their mutual interaction. Identification and sky localization of individual sources, will add further excitement to the picture, making multimessenger studies of SMBH binaries and their hosts possible. Although the current focus is inevitably on the first detection, we should never forget that pulsar timing arrays will also be groundbreaking astrophysical probes.
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